CYANIDE TOLERANCE IN MILLIPEDES: 
COMPARISON OF RESPIRATION IN 
MILLIPEDES AND INSECTS 1 
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Several years ago. specimens of t he millipede Plcuroloma flavif'cs butlcri 
(McNeill) were brought to the Department of Entomology at Purdue. 
Upon confinement in cyanide killing jars, the millipedes remained alive and 
active. When handled they produced a volatile compound with the almond- 
like smell of cyanide. After placing a millipede in a small closed test-tube 
with several german cockroaches (Blattclla cfcnnauica (L. )), the insects 
died within a short time while the millipede remained unharmed. Further 
investigation showed that P. f. butlcri was considerably more tolerant than 
B. ycrmanica to injected potassium cyanide (Hall. 1 %7 ). These observa- 
tions suggested that like some other millipedes { Eisner and Meinwald, 
1%0 ) P. f. butlcri produced hydrogen cyanide as a defensive compound and 
raised the intriguing question of how these animals survive their own toxic 
secretions. 

The degree of resistance to cyanide in an organism has frequently been 
correlated with its level of respiration. Thus Bodine and Boell (1 Q 3S) 
report that sensitivity of diapausing M cUmoplus eggs to cyanide increases 
with their rate of respiration and very low respiratory activity has been 
reported for cyanide-insensitive diapausing lepidopterous pupae ( Schneider- 
man and W illiams. U54). A biochemical basis for the dependence of 
cyanide sensitivity on rate of oxygen consumption is provided by the excess 
terminal oxidase hypothesis (Kurland and Schneiderman, 1059). On the 
other hand Yust and Sheldon ( 1^52 ) report that in scale insects which 
were highly tolerant to cyanide, the male pupae had a high respiration 
rate which did not differ from that of susceptible pupae. There is little 
data on millipede respiration but reports suggest that they too may have 
low' rates. This paper is therefore concerned with investigation of the 
nature of the toxic defensive secretion of P. f. butlcri and a second, cvanide- 
producing millipede liuryurus Icachii ( Gray ) and with assessing the respira- 
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tion rates of these millipedes in contrast to two cockroaches, B. gcruianica 
and Blabcrus discoidalis (Serville). 

A more detailed report of the biochemical basis for the tolerance mecha- 
nism will he published elsewhere. 



Kx PERI M FATAL ANIMALS 

Specimens of E. Icachii were collected from rotting logs in summer and 
fall of 1965 and the spring of 1966 at McCormick’s Creek State Park. 
Spencer, Indiana. Specimens of P. j. butlcri were obtained from large 
migratory populations in the summer and fall of 1965 in Lakeville and 
Martinsville, Indiana. Females outnumbered males by about 10 to 1. A 
third migratory population, largely of last instar larvae, was sampled in 
Columbus, Indiana in summer, 1966. 

Both species were reared in covered clear plastic boxes containing 2 to 
3 inches of decaying wood and leaf litter which was kept moist by periodical 
addition of water. E. Icachii prospered and a year round colonv was main- 
tained but it was not possible to maintain the colony of P. /. butlcri for 
more than a few months under these conditions. 

B. gcruianica and B. discoidalis were laboratory strains reared on Gaines 
dog food and water. Both the insects and millipedes were maintained at 
65-75 F with a 12 hour light-dark cycle. 



Identification of Hydrogen Cyanide as a Secretory 
Product of tiie Millipedes 

Adults and immatures of both P. f. butlcri and E. Icachii when dis- 
turbed emit a colorless liquid with a pungent almond-like odor from small 
openings on the dorsal surface near the tips of some of the notal projec- 
tions. Such secretory ducts are located in both species on segments 5, 7, 
9, 10, 12, 13, 15, 16, 17, 18 and 19 of adult males and females. A series 
of semimicro qualitative spot tests for hydrogen cyanide (Feigl, 1958) 
were carried out on these secretions. The tests were replicated and appro- 
priate blanks and standard solutions were included. 

Picric Acid Test. — The defensive secretion was collected directly on 
small pieces of filter paper treated with a saturated solution of picric acid 
and sodium carbonate solution. A red color developed which indicated 
the presence of cyanide. 

Starch-Iodine Test.- — The test is based on the combination of cyanide 
and iodine to form colorless cyanogen iodide. Ten adults of each species 
were placed in stoppered 50 ml flasks. After shaking the flasks vigorously 
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for a few seconds, a blue potassium iodide-starch paper treated with 0.1 X 
iodine was inserted. Rapid discharge of the color again indicated cyanide 
in the atmosphere of the flask. 

I'alladiuui-Dimctliylylyoxiwc Test. — A drop of the secretion was mixed 
with alkaline palladium dimethylglyoxime and nickel ammonium chloride. 
The formation of a red complex indicated the presence of cyanide. 

This combination of positive tests strongly indicates the presence of 
cyanide in the defensive secretions of both P. f. butlcn and E. Icacliu. It 
has been suggested that species of Plcuroloma release 1ICX under natural 
conditions (Young (1058)) hut the presence of cyanide in the secretions 
of /:. leaehii has not been previously reported. Probably the repugnatorial 
gland secretions also contained compounds other than IfCX (Eisner and 
Mcimvald, 1966) hut these were not examined. 

Respiration Rates 

Respiration was determined in terms of oxygen consumption by War- 
burg respirometry. using standard maiiometric techniques ( Pmbreit, 1964). 
Individuals of P. f. bn fieri, E. Icaehii or B. gcrmanica were placed in 
20 ml Warburg flasks with a center-well containing a filter paper wick 
dipping in 0.2 ml of 20 per cent KOH. B. diseoidalis were placed in spe- 
cial Warburg flasks with a final volume of 100 ml and containing 0.5 ml 
20 per cent KOH. In each case, correction was made for the volume of 
the animals in the flask. Both male and female E. leaehii were found to 
produce an unknown volatile compound, not absorbed by the KOI I trap, 
which led to erroneous results. The release of this material was prevented 
by waxing over the secretory ducts with a mixture of 1 part beeswax and 
1 part petroleum jelly. The millipedes were left about 30 minutes after 
this treatment before respiration measurements were made. 

In all cases a 15 minute equilibration period was allowed before read- 
ings of oxygen consumption were made at 15-minute intervals for 1 to 2 
hours. During this period, oxygen consumption was approximately linear 
and the individual readings were averaged. 

The effect of temperature on respiration rates of P. /. bn fieri (female) 
and E. leaehii (both sexes) is shown in Pig. 1. in both species, the 
respiration rate of the males was slightly higher than that of the females 
although there were too few males of P. j. bntleri for a statistically valid 
comparison to be made. For P. f. bntleri females a mortality of about 40 
per cent was noted at 35° C. E. leaehii was not harmed by this tempera- 
ture. If the data from 10° to 35° C are averaged, mean Q U) values were 
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Fig. 1. Relationship of oxygen consumption to temperature in two species of 
millipedes. Bars represent 95% confidence levels. A. E. Jcachii (9) ; P>. E . Icachii 
(<S) ; C. P. /. bit fieri (9). 

2.32 for P. f. butlcri (female), 2.02 for E. Icachii (male) and 1.97 for 
E. Icachii (female). These values are in good agreement with the Yan't 
Hoff relationship ( Q lt , = -2 ) . However, it is clear from Fig. 1 that the 
rise in oxygen consumption with temperature is not constant for either 
species. A distinct plateau occurs between 20° and 25° with P. /. butlcri 
and between 15° and 20° for both sexes of /i. Icachii. 

Such plateaus, often around 15°, have been found for various insects 
(Keister and Buck, 1964) and may sometimes he related to rearing tem- 
perature. Cloudsley-Thompson (1968) noted that several species of milli- 
pedes are observed to have a kinetic “preference” for temperatures around 
15° C. However, the physiological basis and importance of such plateaus 
is too complex to be inferred from this brief study. 
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Table 1. Respiraiion rales at 25° C 



Xo. of Animals 


Mean Wt (g) 


Oxygen Consumed 1 


P. /. bulleri ( 9 ) 


20 


0.494 


74 it 9 


P. /. butler i ( cf ) 


— 


— 


102 


E. teachii (9) 


18 


0.188 


148 it 17 


E. teachii ( c?) 


17 


0.169 


155 it 18 


B. german tea (c?) 


2(1 


0.056 


702 it 52 


B. discoidalis ( cf) 


13 


2.250 


269 =t 15 



1 Ail 0 2 consunied/hr/g body \vt it 95 f f confidence limits. 

Comparative respiration rates of the four species at 25° C are presented 
in Table 1. The rates for both species of resistant millipedes are clearly 
well below those of the two susceptible insects, although it is worth noting 
that the data for P. /. butlcri were taken when they had been maintained 
in the laboratory for about two months. Specimens freshly collected had 
respiration rates 50 to 100 per cent higher than those given here. The 
relatively low oxygen consumption of the millipedes may indicate that 
their resistance to cyanide is a further example of the excess terminal 
oxidase mechanism. 

The oxygen consumption values for the cockroaches fall within the 
range quoted by Keister and Buck (1964) for non-flying insects at or 
around 25° C. Despite the relatively low respiration rates obtained with 
the millipedes, their oxygen consumption is still considerably greater than 
that reported for some other millipedes, e.g., 3 to 5 /d 0 2 per hour per g 
bodv weight for both Arthrosphcra dalyi (Paulpandian, 1966) and Spiro- 
strcpius asthcncs (Dwarakanath and Job, 1965). The millipede rates are 
also much larger than oxygen consumption values reported for cyanide- 
resistant forms such as diapausing lepidopterous pupae, e.g., Platysamia 
cccropia, 16 and Anihcrca pcniyi, 14 /x 1 0 2 per hour per g body weight 
(Keister and Buck, 1964), but much lower than that for resistant pupal 
male scale insects (1,800 /xl 0 2 per hour per g body weight; Yust and 
Sheldon, 1952). Thus it may be concluded that although there is fre- 
quently a qualitative relationship between the level of respiration and ability 
to tolerate cyanide in invertebrates, the present work suggests that this 
relationship is by no means absolute. Probably this fact is an indication 
that different mechanisms of resistance are operating in different organisms, 
each having its own basal respiration rate. 

AcK XOWLKDfiMKXT 

Wo wish lo thank Dr. Xcll P*. Causey, L\ Arkansas, for her identification of the 
millipedes. 



282 



ENTOMOLOGICAL NEWS 



| November, 1969 



Literature Cited 

Bodine. J., and Boell, E. 1938. The influence of some dinitrophenols on respiratory 
metabolism during certain phases of embryonic development. J. Cell. Comp. Phy- 
siol. 11: 41-63. 

Cloudsley-Thompson, J. L. 1968. Spiders, scorpions, centipedes and mites. Per- 
gamon Press, Oxford. 

Dwarakanath, S. Iv., and Job, S. Y. 1965. Studies on transpiration in millipedes. 
Proc. Indian Acad. Sci. (B). 62: 224-228. 

Eisner, T., and Meinwald, J. 1966. Defensive secretions of arthropods. Science 
153: 1341-1350. 

Feigl, F. 1958. Qualitative analysis by spot tests. Elsevier, New York and Am- 
sterdam. 

Hall, F. R. 19(>7. Cyanide tolerance in millipedes. Ph.D. thesis, Purdue Univer- 
sity, Lafayette, Ind. 

Keister, M., and Buck, J. 1964. Respiration: some exogenous and endogenous ef- 
fects on rate of respiration. In “The physiology of insecta” (M. Rockstein, ed.). 
Yol. 3. Academic Press, New York. 

Kurland, C., and Sen nei derma n, H. 1959. The respiratory enzymes of diapausing 
silkworm pupae. A new interpretation of carbon monoxide insensitive respira- 
tion. Biol. Bull. 116: 136-161. 

Paulpandian, A. 1966. A note on the respiration of the pill-millipede Arthrosphcra 
dalyi (Pocock). Current Sci. 35: 178-179. 

Schneiderman, H., and Williams, C. 1954. The physiology of insect diapause. 
Y11I. Qualitative changes in the metabolism of the Cecropia silkworm during 
diapause and development. Biol. Bull. 106: 210-229. 

Umbreit, W., Burris, R., and Stauffer, J. 1964. Manometric techniques. 4th ed. 
Burgess, Minneapolis. 

Young, F. 1958. A large aggregation of larval millipedes Zinaria butlcri (McNeill) 
in Brown County, Indiana. Indiana Acad. Sci. 67 : 171-172. 

Yust, H., and Sheldon, F. 1952. A study of the physiology of resistance to hydro- 
cyanic acid in the California red scale. Ann. Ent. Soc. America 45: 220-228. 



